Abstract: The correlations of lethal doses of various industrial chemicals for rats and mice with occupational exposure limit values were investigated. 50% lethal dose (LD50) values obtained by oral (p.o.) and intraperitoneal (i.p.) injection and 50% lethal concentration (LC,) values obtained by inhalation exposure were collected from Registry of Toxic Effects of Chemical Substances (RTECS). Threshold Limit Value (Time-Weighted Average) (TLVs-TWA) and Threshold Limit Value (Short Term Exposure Limit) (TLVs-STEL) recommended by American Conference of Governmental Industrial Hygienists (ACGIH) were used as exposure limits. TLVs-TWA or TLVs-STEL and LD,0 or LC50 values obtained for the rats were plotted on logarithmic scales on the ordinate and abscissa, respectively. High correlations were obtained between these parameters. The order of correlations was: TLVs-STEL vs. LC50s>TLVs-TWA vs. LC50s>TLVs-TWA vs. LD50s i.p.>TLVs vs. LD50s p.o. The same calculations for the relationship between TLVs and lethal doses in mice were also performed. The order of the three types of correlations was same as that of the rats; however, correlation coefficients for TLVs-STEL vs. LC50s and for TLVs-TWA vs. LCSUs obtained in mice were smaller than those in rats. TLVs-TWA are, therefore, well correlated with LC50 values rather than LD50 values, particularly with those in rats. High correlations between TLVs-STEL vs. LC50s were also obtained, as had been expected before calculation. The equation: TLV-TWA=10b x (LC50)a can be obtained from these plottings, where the values a and b are taken from each linear regression line. TLV-TWA for each chemical can be calculated by using LC50 and the equation. The upper and lower 95% confidence limits for calculated TLV-TWA were TLV-TWA (calculated from LC,) x 22.9 and TLV-TWA (calculated)/22.9, respectively, where LC50 for rats expressed in ppm x hr was used.
Introduction
To determine exposure limit values of industrial chemicals, different kinds of data must be reviewed`' 2). Epidemiology and animal experiments are major sources of such data. Acute, subacute, and chronic toxicity tests are involved in animal experiments. Although acute toxicity is considered in the setting of short-term exposure limits, acute toxicity data is usually considered to be a small part of a large body of data that is available for the determination of exposure *To whom correspondence should be addressed .
limits of chemical substances. This tendency occurs because long-term exposure effects, such as carcinogenicity, are frequently considered to be more important3~. Nevertheless, acute toxicity data should not be ignored, because it is in many cases influential in setting short-term exposure limits. Acute toxicity is estimated primarily in the process of the accumulation of data, and it is referred to in further steps such as subchronic and chronic toxicity experiments. While data on carcinogenicity, neurotoxicity, and so on are very important, acquiring this data is very expensive and time- We selected compounds for which LD50 values for oral or intraperitoneal administration (LD50 p.o. or LD50 i.p.) were given in the 1995 RTECS. LDS0s for other injection routes were not utilized because the sample sizes in subcutaneous or intravenous administration were small. Compounds for which the LC50 values and exposure time were described in the RTECS were also selected. The animal species tested were limited to rats and mice because the sample sizes of other animals were too small. All compounds for which TLVs were given in 1995 are included in this study. However, compounds that were solid at room temperature were excluded. Statistical treatment of TLVs-TWA, TLVs-STEL, LD50s, and LC50s with the calculation of the correlation coefficients and the linear regressions was performed on a PC using SPSS 6.1 for Windows software which was purchased from SPSS Japan, Inc.
Results

Correlation coefficients
TLVs-TWA and LD50 or LCSQ values in rats were plotted for many chemicals. In Fig. 1 , TLVs-TWA and the LD5o p.o. values in rats were plotted for 211 chemicals on the ordinate and abscissa, respectively. A logarithmic scale was used for both the ordinate and abscissa. In Fig. 1 A, LD50s are expressed in mg/kg, because all of the LD50 data in RTECS was given as mg/kg or jig/kg. The correlation coefficient between these two parameters was calculated to be r=0.616 (n=211) ( Table 1 ). In Fig. 1B , the units for LD50 were converted from mg/kg to mmol/kg. From the relationship in Fig, l B , r--0.691 was obtained ( Table 1) . As the differences in these coefficients shows, the correlation was improved by converting the units for LD50 from mg/kg to mmol/kg.
The same procedure was applied for the calculation of the correlation coefficients between TLVs-TWA and LD5o i.p. values in rats (Fig. 2) . In Fig. 2A , LDS0s were expressed in mg/kg. The correlation coefficient between these two parameters was calculated to be r=0.626 (n=96) ( Table 1 ).
In Fig. 2B , the units for LD50 were converted from mg/kg to mmol/kg, and r=0.717 was obtained ( Table 1) . As these two parameters show, the correlation coefficient in Fig. 2B was greater than that in Fig. 2A . Also in this case, the correlation was improved by converting the units for LD50
from mg/kg to mmol/kg. In Fig. 3 , TLVs-TWA and the LC50 values for inhalation exposure in rats were plotted. In Fig. 3A , LC50s were expressed in ppm. Exposure duration in LC50 data obtained from RTECS was not considered. The correlation coefficient between these two parameters was calculated to be r=0.859 (n=113) ( Table 1 ). In Fig. 3B , ppm x hr (multiplication of LCS0 in ppm and exposure duration in hrs obtained from RTECS) was used instead of ppm as the units for LCS0. From the relationship shown in Fig. 3B , r=0.861 was obtained (Table 1 ). As Table 1 shows, the correlation obtained by using ppm x hr remained almost the same as that obtained by using ppm.
Figs. 4A and 4B show the correlations between TLVs-STEL and LCS0s in rats. The number of compounds which were given TLVs-STEL (N=37) was not so great as the number of TLVs-TWA. In Fig. 4A , LC50s are expressed in ppm. The correlation coefficient in this correlation was 0.867 (Table 1) . This value was almost the same as values found in correlations between TLVs-TWA and LCS0s (ppm). In Table 1 . As for the correlation between TLVs-STEL and LC50s, the use of ppm x hr rather Table 1 .
In correlation between TLVs-TWA and LD50 p.o. values in mice (n=152), an improved correlation was obtained by converting the unit mg/kg (r=0.603) to mmol/kg (r=0.690). Also, the correlation between TLVs-TWA and LD50 i.p, in mice (n=132) was improved by converting the unit for LD50 from mg/kg (r=0.617) to mmollkg (r=0.699). However, there was no improvement in the correlation between TLVs-TWA and LC50 values (n=84) with conversion of the unit ppm (r=0.818) to ppm x hr (r=0.797). In the correlations between TLVs-STEL and LC50s in mice, a small number of compounds was given TLVs-STEL (N=24). LCS0s were expressed in ppm and in ppm x hr, and the correlation coefficients in these cases were 0.804 and 0.819, respectively (Table 1) .
These values were similar to values given in correlations between TLVs-TWA and LC50s.
Equations to derive TLVs from LD50s or LC50s
For all linear regressions, the 95% confidence limits for linear regression and the 95% confidence limits for the individual values were calculated. Each confidence limit obtained in correlations between TLVs and LD5Qs or LC50s in rats is shown in the figures.
For each linear regression, the following equation was used:
From equation (A), the following equation (B) can be derived.
Y = Xa.10b (B)
Parameters a and b were calculated from the linear regression. All results of the calculations are summarized in Table 1 , as
1Ob and a values in the equation (B).
From each plotting, t005, s, and 10t005's values were Units of ordinate and abscissa are as follows: ppm and ppm in Fig. 3A (upper), ppm and ppm x hr in Fig. 3B (lower) . Units of ordinate and abscissa are as follows: ppm and ppm in Fig. 4A (upper), ppm and ppm x hr in Fig. 4B Correlations between TLVs-TWA and LC50s were not improved by converting the units of LC50 from ppm to ppm x hr in both rats and mice. This result was unexpected because toxicity appears to depend on both exposure concentration and exposure time. The reason for this result is not clear. On the other hand, the correlation between TLVs-STEL and LC50 in rats was clearly improved by converting the units of LC50 from ppm to ppm x hr. The same unit conversion did not improve the correlation between TLVs-STEL and LC50 in mice. These differences may suggest that rats rather than mice are suitable as experimental animals.
The correlations between TLVs-TWA and LDS0 values in rats were almost the same as those in mice. However, the correlations between TLVs-TWA and LC50 values in rats were higher than those in mice. There exist many differences between the body sizes, nasal cavities, trachea, bronchi, and lungs of rats and mice, affecting the absorption efficiency of inhaled chemicals. These differences may have increased the efficiency of chemical absorption into body. Also such factors must be considered as the differences in structure, lobulation, and terminal airways, as well as in function, posture, chest wall compliance, and mechanical reflexes. Differences in dermal absorption, lung absorption coefficient, breathing frequency, and respiratory volume also exist between rats and mice. These differences may have affected the correlations between TLVs-TWA and LC50 values. High correlations between TLVs-TWA and LC50s in rats suggest that rats are more suitable than mice for considering occupational exposure limit values from LC50 values in animals.
In TLVs-STEL are set usually with consideration to the acute effects of chemicals3~. Although the acute effects in these cases do not always imply LD50 or LC50 values, high correlations between TLVs-STEL and LD50 or LC50 values were expected. In our calculations, high correlations were obtained between these values and the ranges of confidence limits for these regression lines were very small (Table 1) .
We have obtained high correlations between TLVs-TWA and LCS0 or LD50 values, and these correlations were higher than those we expected before calculations. As TLVs-TWA are usually determined by utilizing data of the chronic effects of chemicals, such high correlations had not been expected. 
